This study aimed to determine the prevalence, antibiotic, and toothpaste sensitivity of oral streptococcal isolates in healthy individuals in the Okada community of Nigeria. Methods: Oral samples were collected from 230 volunteers and were subjected to standard microbiological tests. Antibacterial sensitivity tests were carried out on the streptococcal isolates that were obtained using a disk diffusion technique, and eight kinds of toothpaste (A-H) were screened for their antibacterial effects on Streptococcus mutans (S. mutans). Results: The prevalence of oral streptococci found in this study was 26.1% and the predominant species was S. salivarius (13.9%). S. salivarius was highly resistant to cloxacillin (100%) and Augmentin (96.9%), whilst resistance to gentamicin and erythromycin was low at 21.9% and 3.1% respectively. S. mutans were completely sensitive to gentamicin whilst resistance to erythromycin was 33.3%. The entire Streptococcus species showed the lowest resistance to erythromycin (20.0%), followed by gentamicin (31.7%). At 100 mg/mL all toothpaste samples had antibacterial effects on S. mutans. At 50 mg/mL all samples except toothpastes G and H inhibited the bacterium. Toothpastes A and E had the lowest minimum inhibitory concentration of 25 mg/mL. Conclusions: Toothpastes A and E were the most effective toothpastes of the eight assessed in this study.
Introduction
Dental caries is a localised microbial infection that affects the calcified hard tissues of the oral cavity. It is due to the biochemical interactions of the complex oral microflora, causing dissolution of the organic matrix and breakdown of the inorganic portion of the tooth. 1 It is one of the most common chronic infectious diseases in the world. The early stages of dental caries are characterised by a destruction of the superficial dental structures caused by acids, which are by-products of carbohydrate metabolism by cariogenic bacteria. 2 Colonisation of the teeth by cariogenic bacteria is one of the most important risk factors in the development of dental disease, with Streptococcus mutans (S. mutans) being the primary species associated with the early dental caries process. Mutans streptococci use sucrose to produce extracellular glucan, a waterinsoluble polysaccharide that enables the bacteria to attach to the tooth surface and also protects the bacteria from external factors such as mechanical disruption, salivary clearance, and antimicrobial substances. The bacteria have the ability to produce acid (acidogenic) and survive in an acidic environment (aciduric); properties that enable them to exhibit high pathogenicity. 2 Other microorganisms identified within carious lesions were Streptococcus sanguis, S. salivarius, S. mitis, unidentified streptococci, Lactobacillus spp, Prevotella spp, Peptostreptococcus spp, Veillonella spp, Fusobacterium, Actinomyces, Candida albicans, Bacteroides spp, Gemella spp, Neisseria, Granulicatella, and Rothia spp. 2, 3 Cariogenic bacteria interact through various recognised ways including co-aggregation, metabolic exchange, cell-cell communication, and exchange of genetic materials. These mechanisms benefit bacterial survival and can make dental biofilms difficult therapeutic targets in dental diseases. 2 Periodontal disease and dental caries are the two major oral health problems in Nigeria. The occurrence of these diseases is related to oral hygiene status and socioeconomic class. Deep periodontal pockets occur in a relatively high proportion of young adolescents with the prevalence increasing with age, being 15-58% in Nigerians aged over 15 years. Multiple studies have 21 indicated that 4-30% of Nigerians have dental caries. The mean number of decayed, missing, and filled teeth recorded in most epidemiological studies in Nigeria has been below 4 in children and young adults. 4 It is reported to be higher in urban areas rather than in rural populations, in private schools rather than in public schools, and it increases with age. 5 Brushing the teeth with toothpaste is the most common form of oral hygiene in most countries, including Nigeria. The success of any toothpaste in part lies in its ability to eliminate pathogenic oral microflora. 6 The incorporation of an antimicrobial agent(s) in dentifrices is a means of reducing the levels of oral bacteria, especially S. mutans.
Fluorides are used abundantly in many oral health products including toothpaste and mouth rinses as they help to safely and effectively prevent tooth decay and dental caries. 7 Another active antimicrobial ingredient found in certain toothpastes is thymol. It interferes with bacterial growth and lactate production by decreasing cellular glucose uptake. 8 Sodium dodecyl sulphate, synonymously sodium lauryl sulphate (SLS) is an anionic surfactant used in many cleaning and hygiene products. In lower concentrations it is found in toothpastes, shampoos, shaving creams, and bubble bath formulations. Certain studies have suggested that SLS in toothpastes may actually decrease the effectiveness of fluoride in preventing dental caries. This may be due to SLS interacting with the deposited fluoride on tooth enamel. 9 The present study was carried out to determine the prevalence of antibiotic and toothpaste sensitivity of oral streptococcal isolates in healthy individuals in the Okada community of Nigeria.
Methods
Sample collection. Healthy volunteers, with no apparent illness, from the Okada community in Ovia North East of Edo State, Nigeria were instructed to collect their early morning mouth rinse with water in sterile bottles before tooth brushing. The bottles were labelled appropriately and sent to the microbiology laboratory of Igbinedion University Teaching Hospital for analysis. Hospital ethics committee approval was received and the subjects provided informed consent prior to participating in this study.
Bacterial isolates. The specimens obtained were directly inoculated onto 5% blood agar, prepared with Mueller Hinton agar (Maharashtra, India) and were incubated in 5% carbondioxide at 37 °C for 18-24 hours. Putative streptococcal colonies were chosen based on their morphology and standard microbiological tests such as gram stain reaction, catalase, sugar fermentation, glucan production, and optochin tests. 2, 10, 11 Antibiotic sensitivity test. The antibacterial sensitivity test of the streptococcal isolates were carried out using a disk diffusion technique in accordancewith the National Committee for Clinical Laboratory Standards. 12 The isolates were tested against gentamicin (10 µg), erythromycin (5 µg), Augmentin (30 µg), and cloxacillin (5 µg) from Abtek Biological Limited.
Screening of toothpastes for antibacterial effect on isolates.
A total of eight toothpastes commercially available in Nigeria were used in this study and were labelled as A, B, C, D, E, F, G, and H. They were diluted in sterile water to concentrations of 100 mg/mL, 50 mg/mL, 25 mg/mL, 12.5 mg/mL, and 6.25 mg/mL. For assessment of the toothpastes antibacterial effect on S. mutans, modified agar well diffusion technique was used. A standardised inoculum of 1-2 x 10 8 CFU/mL (matched with McFarland 0.5 turbidity standard) of the isolate was inoculated onto a Mueller Hinton agar plate with a sterile cotton swab stick. The plates were dried for 15 minutes. Using a sterile cork borer of 10 mm in diameter, wells were bored into the inoculated agar plates and the different concentrations of the toothpastes were added to the wells, in a volume of 0.2 mL. Sterile distilled water was added into a separate well as a control. The plates were left for 40 minutes for pre-diffusion and then incubated at 37 °C in a candle jar for 24 hours. Zones of inhibition were measured in millimetres. The minimum inhibitory concentration (MIC) in mg/mL was taken as the lowest concentration of each toothpaste that inhibited the isolate in this study. 2, 13 Selected commercial toothpaste used and their compositions. Toothpaste A: dicalcium phosphate, sodium lauryl sulphate, thymol, aqua, sorbitol, glycerine, aroma, sodium silicate, titanium dioxide, cellulose gum, carrageenan, sodium saccharin, Cl 45430, sodium hydroxide. Active ingredients in the toothpastes werethymol and fluoride while the other ingredients wereclassifiedas inactive ingredients.
Statistical analysis. Percentages, chi-square, and Mann-Whitney tests using IBM SPSS Statistics version 22 were applied for the analysis of data obtained in this study, p > 0.05 was considered as statistically not significant.
Results
Oral samples from 230 subjects were bacteriologically examined for streptococcal isolates; 28 streptococci (25.2%) were isolated from the male subjects while 32 (26.9%) were isolated from the female subjects. The prevalence of oral streptococci in this study was 26.1%. The predominant species was S. salivarius at13.9%, followed by S. intermedius at 3.9%, then S. mitis with 3.0%. The least predominant species were S. mutans and S. sobrinus with 1.3% each (Table 1 ). There was no significant difference (p = 0.099) in the prevalencerate of oral streptococci between the male and female subjects.
Antibiotic susceptibility tests showed that S. salivarius was highly resistant to cloxacillin (100%) and Augmentin (96.9%), whilst resistance to gentamicin and erythromycin were low with 21.9% and 3.1% respectively. S. intermedius was highly resistant to Augmentin (100%) and cloxacillin (88.9%), while resistance to erythromycin was only 22.2%. S. mutans was completely sensitive to gentamicin whilstitsresistance to erythromycin was 33.3%. From the total streptococci isolated in this study the lowest resistance found was to erythromycin at 20.0%, followed by gentamicin at 31.7% ( Table 2 ).
All of the toothpastes used in this study had an antibacterial effect on S. mutans at a concentration of 100 mg/mL. However, at 50 mg/mL all but toothpastes G and H inhibited the bacterium. Toothpastes A and E had the lowest MIC of 25 mg/mL. At this concentration, there was statistically no significant difference between the two kinds of toothpaste in their zones of inhibition exhibited on S. mutans (p = 0.513) ( Table 3 ). 
Discussion
Dental caries is a microbial disease that results in the destruction of the mineralised tissue of the teeth. Apotent initiator, S. mutans isthe leading cause of dental caries worldwide and it is considered to be the most cariogenic of all the oral streptococci. 14 The addition of antibacterial agents in the production of toothpaste helpstokeep these oral organisms ata level consistent with oral health. 6 This study foundthat the predominant oral streptococcal species obtained from the oral samples of healthy individuals in the Okada community of Nigeria was S. salivarius. This finding is consistent with Salako et al. whoreported that the most common isolate from dental plaque samples taken from healthy children was S. salivarius (27.3%). 15 Oral streptococci pose significant health risks if they enter into the bloodstream via oral wounds, infections, ordental procedures which can lead to endocarditis. 2 S. mutans was the least resistant species to the antibiotics tested in this study when compared withthe other species, another findingthat is consistent with Salako et al. 15 The bacterium was however completely sensitive to gentamicin. The resistance rate of the entire streptococci sample to erythromycin was 20.0%, a result thatis in line with the observations of Rożkiewicz et al. who reported a rate of 23.5% and 23.1% for erythromycin and clindamycin respectively. 10 Antimicrobial resistance among viridans group of streptococci has emerged as a hindrance to effective antibiotic therapy. 10 Viridans group of streptococci are mainly involved in endocarditis or infections in neutropaenic patients, and several reports have highlighted the fact that the administration of various antibiotics may lead to an increased number of resistant streptococci within the oral cavity. Additionally, oral streptococci offer a pool of genetic materials, which can undergo gene shuffling with other bacteria including pathogenic species and can lead to the emergence of resistant strains. 16 Maripandi et al. reported that there was no difference in the antibacterial effects of different kinds of toothpastes on various streptococcal species. 2 Therefore only S. mutans were used to assess the antibacterial effects of the toothpastes used in this study. This is because this bacterium is considered to be the most cariogenic of all the oral streptococci. All of the toothpastes used in this study showed amarked antibacterial effect on S. mutans at concentrations of 100 mg/mL and 50 mg/mL, except toothpastes G and H. Toothpaste B (1,000 ppm fluoride) had a higher effect on S. mutans than toothpaste G (1,100 ppm fluoride), this is likely due to the antibacterial activity of its ingredients other than fluoride. Furthermore, the results obtained in this study showed that fluoridated toothpastes have very good antibacterial activity against oral S. mutans, a similar finding to Kurian and Geeta. 14 The use of fluoride has been acornerstone of the caries prevention programme and the use of fluoridated toothpastes is by far the most common form of caries control used today. 17 The relative preventative effects of fluoridated toothpastes of varying concentrations on caries increase with higher fluoride concentrations. Dental fluorosis is a hypomineralisation of the enamel due to aningestion of excessive amounts of fluoride by young children with developing teethand as such, the use of 1,000 ppm or higher fluoridated toothpaste in children under the age of 6 should be avoided. 18 The international standard level of 1,000 ppm fluoride for younger children and up to 1,500 ppm for older children should be adhered to as to prevent the adverse effect of high fluoride intake. Hence, toothpaste B, G, and H used in this study are ideal for young children. However, in Australia dentifrices with less than 500 ppm fluoride are recommended for children due to concerns regarding accidental ingestion and the risk of fluorosis. 19 The antibacterial effect of toothpaste H (with herbal content) noted in this study is consistent with the reports of Manupandi et al. Nwankwo and Ihesiulo, and Kurian and Geeta who suggested that herbal toothpastes have rarely shown significant anti-plaque activity overconventional toothpastes. 2, 6, 14 Despite the proven efficacy of many toothpaste formulations with antibacterial properties, there is an increasing societal desire to rely on naturally occurring compounds for healthcare,a trend thathas also found its way into dentistry. The antibacterial effect of toothpaste H is due to the presence of secondary metabolites such as alkaloids, flavonoids, polyphenol, and lectins. 14 In this study, the most efficacious toothpastes against S. mutans were toothpastes A and E based on their MIC value (25 mg/mL). There was statistically no significant difference between the antibacterial effects exhibited by the two kinds of toothpaste (p = 0.513). Results showed that toothpastes containing up to 1,450 ppm fluoride and alcohol (in the case of toothpaste E), and thymol (in the case of toothpaste A), as major chemical ingredients are more effective in the inhibition of S. mutans. The ingredient 'SD alcohol 38-D' in toothpaste E is another name for ethanol or grain alcohol and it is used in toothpastes as a solvent and it decreases viscosity, meaning it helps to thin the product. However, the manufacturer has listed it as one of the inactive ingredients in toothpaste E. 20
Conclusions
There are several different kinds of toothpaste available on the Nigerian market. This study found that toothpastes A and E were the most effective out of the six toothpastes assessed. These results show that toothpastes that contain thymol and fluoridated toothpastes that contain alcohol and 1,450 ppm fluoride have a more effective antibacterial effect on S. mutans and as such should be used to prevent dental caries in adults. However, toothpastes with herbal ingredients and lower fluoride content are still invaluable and should be highly recommended for children to prevent fluorosis.
